Background The proportion of avoidable hospital deaths is challenging to estimate, but has great implications for quality improvement and health policy. Many studies and monitoring tools are based on selected high-risk populations, which may overestimate the proportion. Mandatory reporting systems, however, under-report. We hypothesise that a review of an unselected sample of hospital deaths will provide an estimate of avoidability in-between the estimates from these methods. Methods A retrospective case record review of an unselected population of 1000 consecutive nonpsychiatric hospital deaths in a Norwegian hospital trust was conducted. Reviewers evaluated to what degree each death could have been avoided, and identified problems in care. Results We found 42 (4.2%) of deaths to be at least probably avoidable (more than 50% chance of avoidability). Life expectancy was shortened by at least 1 year among 34 of the 42 patients with an avoidable death. Patients whose death was found to be avoidable were less functionally dependent compared with patients in the non-avoidable death group. The surgical department had the greatest proportion of such deaths. Very few of the avoidable deaths were reported to the hospital's report system. Conclusions Avoidable hospital deaths occur less frequently than estimated by the national monitoring tool, but much more frequently than reported through mandatory reporting systems. Regular reviews of an unselected sample of hospital deaths are likely to provide a better estimate of the proportion of avoidable deaths than the current methods.
IntroductIon
There has been great interest in the topic of avoidable hospital deaths both politically and academically for many years. [1] [2] [3] Much of the debate has concerned the proportion of deaths that actually could have been avoided, ranging from a few percentages to over a half. 1 4-6 As patients differ in comorbidities, disease status and life expectancy, a main point of interest when assessing the quality of healthcare is to what degree patients are exposed to potentially avoidable adverse events or problems with the healthcare that may increase morbidity or mortality. Retrospective case record review (RCRR), where experienced clinicians review the quality of healthcare given for individual patients, is a widely used method to assess the rate of avoidable deaths during hospital admissions. 5 7 8 The proportion of deaths during hospital care considered either to be probably (>50% chance of avoidability) or definitely avoidable as assessed by the RCRR method has been reported to be 3%-6% in different studies. 5 9-11 Other designs, such as the Global Trigger Tool (GTT), that are based on a selected high-risk sample tend to find a higher rate of possible avoidable hospital deaths. 1 6 12 13 The Norwegian National Safety Campaign uses the latter design, and has reported possible avoidable deaths of around 4%-16%. 14 15 Mandatory report systems, on the other hand, seem to underestimate these deaths. 16 The main aims of this study were to estimate the rate of and mechanisms behind avoidable deaths in an unselected group of consecutive non-psychiatric hospital deaths from a Norwegian health trust. Based on previous reports using the RCRR method, we hypothesise that this approach will provide a more conservative estimate regarding the proportion of possible avoidable deaths as compared with methods based on high-risk samples, such as the GTT.
MAterIAls And Methods
The St Olav's University Hospital is a 900-bed health trust located in Trondheim, Norway. The health trust is affiliated with the Norwegian University of Science and Technology (NTNU), and consists of a larger tertiary care hospital Original research and a smaller secondary care hospital. The health trust provides tertiary care for a population of about 700,000, and serves a local population of about 200,000 as their local health trust. In 2014, the health trust had 56,019 inpatient admissions of which approximately 62% were emergency admissions, which is representative of the national average. 17 Approximately 22% of admitted inpatients had a residential address outside of the local health trust area.
Patient inclusion
The study was approved by the Regional Ethics Committee with reference number 2015/80 REK Sør-Øst D. One thousand consecutive hospital deaths (including deaths in the emergency room) from December 2013 to February 2015 among patients above 16 years of age were included in the analysis. Patients dying in the psychiatric or obstetric wards were not included.
To evaluate representativeness of our study sample, we retrieved anonymised raw data from the Norwegian Cause of Death Registry. These data also included information on the national number of deaths reported to be due to medical errors.
chart review
Five clinicians were recruited for the RCRR. There were two specialists in anaesthesiology and critical care, one general and vascular surgeon, one pulmonologist and one specialist in internal medicine and cardiology. A forensic pathologist was consulted in some cases when autopsy reports needed clarification. The final distribution of the number of charts reviewed by the individual reviewers was uneven; the anaesthesiology/critical care, surgical and medical specialities contributed to 37%, 19% and 39%, respectively. The reviewers were given full access to the electronic medical record system used at the health trust (Doculive, Siemens Nixdorf Information Systems, Oslo, Norway), including laboratory results and results from medical imaging. The medical record system is the same for all hospitals in the region referring patients to the tertiary care hospital. Thus, the reviewers were able to assess the care given at other hospitals before the index admission if this was relevant. Data collection was performed by a web-based case report form developed and administered by Unit of Applied Clinical Research (NTNU, Trondheim, Norway). Our report forms were the same untranslated forms as used in a study by Hogan et al that evaluated 2400 hospital deaths in 24 English National Health Service hospitals, with some additional questions regarding level of treatment (online supplementary material). The reviewers were experienced clinicians and administrators used to dealing with patient safety and quality improvement issues. They were introduced to the report form in a plenary reviewing session using five patient charts before each reviewer individually assessed the same 10 randomly selected patients from the data set. The reviewers then met to discuss each of the 10 patient histories in order to ensure uniform practice when performing the RCRR. This procedure was repeated for another 40 randomly selected patients to optimise uniform evaluation. Each reviewer was then given a prespecified number of patient charts to review, depending on how much time they could contribute. Reviewers were instructed to assess all aspects of patient care during the index admission and previous admissions to assess the quality of care given before death occurred. This included functional level, comorbidities according to the Charlson Comorbidity Index, diagnosis at admission, diagnosis at death, any episodes of healthcare falling below an acceptable standard, any decisions made to limit the level of care and any evidence of overtreatment during the course of the admission. The overall quality of the healthcare given was assessed. If the reviewers lacked competence in judging particular cases, they either consulted physicians in an appropriate subspecialty or the case was taken back to the group. The reviewers made a judgement in each case as to whether or not the death could have been avoided on a 6-point Likert scale: 1-not avoidable; 2-slight evidence of avoidability; 3-possibly avoidable but not very likely, less than 50%; 4-probably avoidable, more than 50%; 5-strong evidence of avoidability; 6-definitely avoidable. In the main analyses, the three latter groups were jointly treated as at least probably (>50%) avoidable. 5 The degree of avoidability was also scored on a continuous visual scale (0-100), and the reviewers were asked to judge how many days, months or years the patient's life was shortened. For all patients where a score of 2 or more was made on the Likert scale, the patient history was discussed among all the reviewers in plenary and consensus was reached with respect to the degree of avoidability.
statistical analysis
Data were extracted from the case report forms and analysed applying the software Matlab (The Mathworks, Natick, MA, USA) and the software SPSS version 25 (IBM). The software R V.3.3.2 and the software RStudio were used for statistical analysis (RCoreTeam, Vienna, Austria). Clinical data are presented as means with 95% CIs, medians±25th and 75th percentiles (25p, 75p) or proportions. Differences between proportions were assessed applying the Χ 2 test or Fisher's test, as appropriate. Differences between non-normally distributed variables were assessed using the Wilcoxon rank-sum test. results There were 65,340 patients admitted to the health trust during the study period, of whom 1000 died and were included in the study. Baseline demographic data at the time of admission are presented in table 1, and data on in-hospital clinical course are presented in table 2. In the total study sample, the median age was 77 years (p25-p75, range 67-86), 55% were male and the median length of stay was 5 days (p25-p75, range 2-13), with similar demographics seen in the avoidable death group (>50%). Twenty-five per cent of patients died during the first 24 hours of admission. Based on data from the Norwegian Cause of Death Registry, we found that the age and sex distributions in our sample were comparable with all non-psychiatric hospital deaths in Norway in 2014 (online supplementary table 1). When compared with all hospital deaths, our sample had a lower proportion of deaths due to neoplasms and a higher proportion of deaths due to respiratory diseases.
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The reviewers found that for 42 (4.2%) patients the death was either probably or definitely avoidable (Likert scale 4-6; avoidability >50%; table 3), and that for additional 25 (2.5%) patients there was slight or possible evidence that death could have been avoided (Likert scale 2 or 3; avoidability <50%). The proportion of deaths assessed by the individual reviewers as probably avoidable ranged from 0.0% to 9.0% (median 4.6%; online supplementary table 2). For 22 of the patients, the reviewers judged on a continuous visual scale that the probability of an avoidable death was 80% or more. Life expectancy was shortened by at least 1 year among 34 of the 42 patients (81.0%) 
Likert 5; strong evidence avoidability 18 (43) Likert 6; definitely avoidable 3 (7) Place where problem in healthcare could have been avoided Primary care/ambulance 8 (19) In prior admission 2 (7) In initial assessment unit 8 (19) During invasive procedure 15 (35) During postoperative care 3 (7) During HDU/ICU care 1 (2) Ward 5 (12) The time life was shortened by if death had been avoided <3 months 0 (0) 3 months to 1 year 8 (19) 1-5 years 29 (69) 5 years or more 5 (12)
Median (p25-p75)
Degree of avoidability on visual scale from 0 to 100 80 (60-90)
HDU, high dependency unit; ICU, intensive care unit.
with an avoidable death. The place where death could most commonly be avoided was during invasive procedure (35%). The different types of problems found in the delivery of healthcare, including any contributory factors, are presented in table 4. Data from the Norwegian Cause of Death Registry showed that 14 (0.1%) of 12 578 in-hospital deaths were reported as due to medical error in Norway in 2014, and an additional 378 (3.0%) were reported as sudden and unexpected, or special circumstances with unknown cause. These numbers were similar in 2012-2016. Only three reports regarding the 42 avoidable deaths were found in the hospital's mandatory report system. A decision on the level of treatment to provide for the patients was decided after the index admission for the majority of patients (62%), whereas for a minority (5.2%) this had been decided prior to the index admission. A do-not-resuscitate decision was the most common limitation (50.1%), followed by limitation of invasive respiratory support (16.3%), limitation of any respiratory support (11.1%), limitation of other life-prolonging efforts (7.5%) and limitation of any surgery (3.6%). Eleven patients (1.1%) were exposed to an intrusive or invasive procedure that was considered not to be in their best interest as part of end-of-life care. Of these, five patients were given inappropriate respiratory support, four patients received inappropriate cardiopulmonary resuscitation and three patients were subject to a surgical procedure that was not indicated.
dIscussIon

Main findings
In an unselected population of consecutive non-psychiatric hospital deaths, we found that 4.2% of the 1000 evaluated deaths were judged to be at least 'probably avoidable'. By including the 'possibly avoidable' deaths the proportion would increase to 5.1%, while a stricter definition of at least 'strong evidence' of avoidability would leave 2.2% avoidable deaths. Those with an avoidable death were of comparable age and sex to the non-avoidable death group, but were less functionally dependent, and were more likely to be admitted to a surgical unit. In addition, the care given to those with a possibly avoidable death was of poorer quality. Death could most frequently have been avoided during an invasive procedure. Based on age, sex and diagnosis at time of death, our sample was representative of all in-hospital deaths in Norway in 2014, although with a lower percentage of deaths due to neoplasms. A crude estimate based on our findings implies approximately 550 avoidable non-psychiatric hospital deaths in Norway in 2014.
comparison with literature
Many studies set in hospitals have reported similar results to ours, with avoidable deaths ranging from 3% to 6%.
3-5 10 Flaatten et al published a study in 2016, where they evaluated approximately the same number of patients in a hospital setting in another part of Norway.
11 They judged 2.9% (n=34) of deaths to be at least probably avoidable (>50%). The difference compared with our finding may be partly due to random error, but may also be explained by differing methods (eg, Flaatten et al only evaluated deaths due to unexpected, unnatural causes).
Other studies have reported a much higher proportion of avoidable deaths. Before launching the Norwegian National Safety Campaign ('In safe hands') in 2011, the Norwegian Health Directory estimated that 0.66% of patients admitted to Norwegian hospitals died due to adverse events, approximately 4722 patients a year. 15 Half of these adverse events, including deaths, were considered to be potentially avoidable. 18 19 Based on 14 625 deaths in non-psychiatric hospitals in 2010, this would equate to approximately 16% of deaths being avoidable. This estimate was an extrapolation based on multiple studies, including a Swedish study of adverse events in hospitals which found that 70% were avoidable, and that five of the 10 adverse events that led to death were avoidable. 20 Studies from Danish and Australian hospitals have reported similarly high proportions of avoidable deaths. 6 12 These studies base their methods on the much publicised Harvard Medical Practice Study (HMPS) from 1991, which reported that half of all 4 (10) Individual staff factors (eg, lack of insight into own competency levels, failure to seek help, exhausted, and so on) 2 (5) Training, education and supervision factors (eg, lack of skills/experience, lack of awareness of risks, inadequate supervision) 12 (29) Task design, guideline and protocol factors (eg, misleading equipment design, outdated local protocol, missing or contradictory guidance)
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(10)
Teamwork, leadership and communication factors (eg, inadequate handover, inadequate interprofessional challenge, weak leadership, and so on)
(5)
Local work environment factors (eg, noise, distractions, inadequate staffing, resources, missing equipment) 0 (0) Organisation-wide factors (eg, overall bed capacity, design of information technology (IT) systems, and so on) 1 (2) Other type of contributory factor 1 (2) Several factors 2 (5) deaths from adverse events were caused by negligence. 1 However, the HMPS study was designed to measure the prevalence of harm from medical care and not to estimate the number of deaths due to medical error, and relatively few deaths were examined. Those that were examined had already been screened as positive for an 'unexpected death' in the first stage of the process. This is in contrast to our method where we estimate avoidability among all deaths.
The GTT method is a systematisation of the HMPS process, where a small, random number of hospital admissions are screened for predefined triggers. This is the method used by the Norwegian National Safety Campaign.
14 In 2014, out of 569 180 hospital admissions, 8804 were reviewed by 36 GTT teams. Of these admissions, 0.25% were found to have an adverse event that led to death, which equals approximately 22 deaths, or on average 0.6 deaths per GTT team. The Norwegian National Safety Campaign often cites that half of all adverse events are avoidable, in which case their results indicate that there were 5.7% potentially avoidable hospital deaths out of 12 578 in 2014.
An evident problem with the GTT approach is the small number of patients evaluated. This may partly explain the fourfold decrease in the proportion of adverse events leading to death between 2010 and 2015 (0.65% and 0.17%, respectively). As with the HMPS the deaths reviewed by this method are preselected. Finally, the GTT approach is not designed to evaluate the causal relationship between adverse events and harm, including death. However, these extrapolations are commonly made. 18 19 We argue, as others have, that in order to evaluate the mechanisms behind avoidable hospital deaths, one should take an unselected number of deaths using the RCRR method. 10 11 Only 0.1% of hospital deaths were reported to be due to medical error in the Norwegian Cause of Death Registry. Cause of death and suspicion of unnatural death are reported to the Norwegian Institute of Health by the doctor who examines the dead body, although the reliability of the reports is suboptimal. 21 Additionally, it is mandatory to report any considerable patient harm to the Norwegian Directorate of Health. 22 Of the 42 patients in our sample with >50% avoidability, only three were reported to this mandatory reporting system. There is evidently considerable under-reporting of avoidable deaths to both the Norwegian Cause of Death Registry and the Norwegian Directorate of Health.
Furthermore, we found that avoidable deaths were less likely to occur among dependent patients, and patients with a high comorbidity score. This has been described in other reports, 5 and is surprising given that other studies have found more adverse events Original research and avoidable deaths among elderly and those with disability, citing complexity as a potential reason. 4 6 23 It could be hypothesised that more attention is paid to the frail, leaving less room for error. A more likely explanation is that it is easier to judge an event as non-avoidable when the medical history of a patient is complex. We also found that a higher proportion of avoidable deaths occurred among surgical patients. This has also been observed in previous studies. 4 5 11 Some of this difference may be explained by the fact that medical errors, both of omission and commission, are more easily discerned in surgery than elsewhere. Additionally, one may speculate that patients scheduled for surgery are generally in better health than those on a medical ward, leading reviewers to judge the surgery (and not other factors) as causally related to death. Nevertheless, it is also possible that there are, in fact, more errors made during surgical treatment compared with medical treatment. 5 24 One effort to improve safety of the surgical patient was initiated in 2008 by the WHO in the form of a 19-item checklist, which has proven to be effective in a number of countries including Norway. 25 26 We identified problems during invasive procedures as the most common cause of avoidable deaths, followed by those that occurred during initial assessment and those prior to admission. These findings differ from a similar study by Hogan et al where most errors happened during general ward care. 5 However, their population was somewhat older than ours, and while our study population was roughly equally distributed between medical and surgical wards, three quarters of their population were admitted to a medical ward. As would be expected, overall quality of care was found to be worse among those with avoidable deaths compared with the rest, although no episode of care was judged as 'very poor'. This is in accordance with the study by Hogan et al. 5 Of the identified factors that contributed to the avoidable deaths, those related to training, education and supervision were the most common.
strengths and limitations
To our knowledge, this is the largest study in a Nordic country evaluating the mechanisms behind avoidable deaths in an unselected sample of non-psychiatric hospital deaths. Our study sample was representative of all non-psychiatric hospital deaths, based on data from the Norwegian Cause of Death Registry. However, there are some important limitations.
One limitation is that we only evaluated one hospital trust. Although our study population was comparable to all non-psychiatric hospital deaths in the study period, we do not know whether the proportion or causes of avoidable deaths that we report are generalisable to other hospitals in Norway.
The case review process is a qualitative one. While increasing the number of subjects under review may limit random error, it will not remove systematic error. One source of bias, hindsight bias, is likely to affect all RCRR 3 27 ; knowledge of the outcome permits 'second guessing' and facilitates overestimation of the rate of medical errors. 28 This is potentiated when causality between the error at hand and the outcome is difficult to disentangle. Answering questions such as 'what would have happened with the patient had the error not occurred?' is challenging, and reflects both the complexity of modern medicine, and the difficulty of assessing potential error in patient care based on incomplete information found in medical records. On the other hand, it is also known that reviewers tend to overestimate the occurrence of rare events, which could also be the case in the present study. 9 29 These issues compromise inter-rater reliability, another wellknown limitation of RCRR. 3 9 In fact, some authors have argued that close to all active-care deaths will be judged as avoidable given enough observers. 9 We used only one reviewer per case initially. Where there was uncertainty around judgements, the case was subsequently discussed in a plenary session. This limitation could possibly affect our overall result in either direction. We implemented a number of steps to increase the reliability of the reviews (standardised review form, training, whole group review of 55 records, building consensus around difficult cases), but we did not formally test this measure and are unable to compare our performance with other studies.
The proportion of avoidable deaths may also be underestimated. For instance, medical records can be less descriptive when errors are made, which may inhibit detection. 30 Furthermore, the fact that our study reviewers were clinicians at the same hospital trust from which the study population was drawn may have contributed to an underestimation of potential avoidability.
conclusions and implications
In conclusion, we found that 4.2% of deaths in our representative sample of 1000 hospital deaths were at least probably avoidable, which is consistent with other studies using the RCRR approach. 3-5 10 Given that the GTT approach applied by Norwegian National Safety Campaign tends to classify too many deaths as potentially avoidable, and both the Norwegian Cause of Death Registry and the Norwegian Directorate of Health mandatory reporting system provide far too conservative estimates, we argue that the proportion of avoidable deaths is best estimated by evaluating an unselected sample of all hospital deaths. Avoidable deaths represent an important marker of hospital quality of care, and reductions can be achieved by improving training, education and supervision. As patient safety is one of the priorities of the Norwegian government to improve hospital quality of care, 31 a national focus on detecting such deaths through RCRR would be one way of achieving this goal.
